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WIND-TUNNEL INVESTIGATION OF CONTROL-SURFACE
CHARACTERISTICS OF PLAIN AND BALANCED FLAPS
#ITH SEVERAL TRAILING-EDGE ANGLES ON AN
NACA 0009 TAPERED SEMISPAN WING

By H. Page Hoggard, Jr. and Ellzsbeth G. McKinney
SUMMARY

Force tests have besen made in the Langley
li- by 6-foot vertical tunnel to determine the aserodynamic
characteristics of an NACA 0009 tapered semispan wing
equipped with a plain and a balanced flap having three
different included angdes at the tralling edge,

A comparison was made between 1lift and hinge-moment
parameter values as calculated by existing methods from
two-dimensional data and toe pararmeter values measured
from the test data obtained. The comparison showed that
the differences between the neasured values of the 1ift
and hinge-moment parameters and the values calculated
from two-dimensional data by lifting-surface theory wers,
in general, no greater than the differences between the
measured values for wings of the same aspect ratio but
with different chord distributions.

The effects of overhang, gap, and trailing-edge
angle on the 1ift and hinge-moment parameters were similar
to the effects previously found in tests of two-dimensional
models. Interference between bevel and overhang was
indicated by the fact that the incremental effects of the
overhang on the hinge~-moment parameters vasried as the
trailing-edge angle wes increased.
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INTRODUCTION

A program ig being carried out by the NACA for the
purpose of correlating section and finite-span data on
control surfaces having various overhang and tralling-edge
balances. As a part of this program tests rave been made
previously on a rectangular semispan tall surface
(reference 1) and on ar elliptical semispan wing
(reference 2). Results of these correlations showed that
by the application of the Jones! edge~velocity correction
(reference 3) to the Prandtl lifting-line theory fair
agreement could be obtained between theory and experiment
for the slope of the lift curve. Lifting-line-theory
calculations of hinge-moment parameters are unsatisfactory
in most cases, however, because the chordwise loading
induced by streamiine curvature, which is neglected by
lifting-line theory, may be very important with regard to
the hinge-moment parameters. A correction for the effect
of streamline curvature on the variation of hinge-moment
coefficient with angle of attack was derived (reference L)
for wings of elliptical »lan form. Application of this
correction to values of the variation of hinge-mcment
coefficient with angle of attack, computed from lifting=-
line theory, indicated good agreement with the measured
values for the models of references 1 and 2. 1In
reference 5 lifting-surface-theory aspect-ratio corrections
were developed for application to both 1lift and hinge-
moment parameters, including the parameter of hinge-moment
coefficient against flap deflection. These corrections
were applied to the calculated parameters for comparison
with the results of the present experimental investigation,
which consisted of tests in three~dimensional flow of a
tapered semispan wing.

SYMBOLS

The results are given in the form of standard NACA
coefficients of forces and moments. The coefficients and
symbols used are defined as follows:

C; lift coefficlent (L/qS)

c; section 1lift coefficient (1/qc)
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Cp drag coefficient (D/q9)

Cn pitehing-moment cecefficlent about 0.40c station at
wing center line {(M/qlc?)

Cp flap hinge-moment coefficient (H/qﬁfzbf>

flap section hinge-moment coefficisnt Ch/qcf2>

Ch

where

L twice 1ift of semispan model

L section 1ift

D twice drag of semlsoan awliel

M twice pitching mowment of semnispan model

H twice flap hinge moment of semispan model

h flap section hinge moment

q free~stream dynamic Hrsssure (pva/Z)
twice area of semisoan model

c airfoil section chord with flap neutrsl

¢! wing mean aerodynamic chord (M,A.C.)
No/2 5

2 ¢~ ay

S/ 0

cp gsection chord of flap
b twice span of semlispan model

by twice span of fleap

v air veloclty
o) mass <ensity of air
¥ lateral distance measured perpendicular to root chord

and



E

NACA TN No, 1248

aspect ratio (bZ/S)

section chord of overhang
angle of sttack of chord line
angle of attack for infinite asnect ratio

flap deflection relative to airfoil; positive when
trailing edge 1s deflected downward

trailing-edge angle - included between upper and
lower surfaces of agirfoil contour at tralling edge
(measured on model)

constant for determination of jst-boundary correctinms
for flap hinge moment

Jones! edge-velocity correction factor (reference 3%)

Lift and hinge-mcment parameters:

oCt,
CLa = \'&5g 5

_ [da
CGG)CL " .8§)CL

30,
Chy = \8a

_ [y
Cmer), = <50T>

(CmCL>a )

1’11

/\

A
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The subscript outside the parentheses iniicates the
factor held constant in Jetermining the parameter,

APPARATUS, ™MCDEL, AND TESTS

o~

All tests were madé in the Langley L~ by 6-fo0t
vertical tunnel, which is -Aescribed in reference 6,

The tapered semispan wing used in the tests had an
NACA 0009 profile (table I) and was bullt of laminated
mehogany to the plan form shown in figure 1. The wing had
& tip of revolution., The flap chord was 30 percent of the
airfoil chord at each spanwlse station. The aspect ratio
of the wing and its reflection was 3, and the taper ratio
was 0,5,

Three flavs of the same plan form but with different
included angles at the trailing edge wers used, The plans
celled for a model having s true- contour flap with a
trailing edge angle of 11.6° and two beveled flaps with
trailing-edge angles of 20° and %30°, Because of the diffiw
culty of working the thin wooden trailing edge, thess
sngles were not obtained exactly, The flan with airfoil
contour had, by measurement of the model, an included
angle of 11, 719" and the two beveled flaps had angles
of 19,8° and 29.6°, resnectavel3, a8 messured, tach flap
was tested with a nose of constant radius and with a 0,35¢cr

elliptical overhang. (See table II and fig. 1l.) The gap
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between the noge of the flap and the fixed portion of the
wing was 0,Q05¢c wide along the entlire flap span. Each flap

was tested with the gap open and with the gep sealed with
impregnated fabric.

The tapered wing was tested as a semispan model by
mounting it in the tunnel with the inboerd end adjacent to
the wall of the tunnel, which thereby acted as a
reflection plane (fig. 2), The flow over the model simu-
lated the flow over the right semispan of a complete wing
¢onsisting of the test panel and its reflection mouhted in
an 8- by 6~foot wind tunnel, (See figs. 1 &and 2,) The
model was supported entirely by the baslance frame with a
small clearance at the tunnel wall so that all forces and
moments acting on the model could be measured. The flap
hinge moment was measured by a calibrated torque rod and
dial system (reference 2).

The tests were made at a dynamlc pressure of 13
pounds per square foot, whilch corresponds to an air
velocity of approximately 72 miles per hour at standard
sea-level conditions. The test Reynol-s number
was 1,400,008 based on the model mean aerodynamic chord
of 2.08 feet. The effective Reynolds number (for maximum
1ift coefficient) was approximately 2,700,000 based on a
turbulence factor of 1,93 for this tunnel.

Tunnel-wall correctlons, theoretically determined
according to the method given in reference 7, were applied
to the data. No corrections were made for the effect of
gep between the root section and the tunnel wall or the
leakage around the supporting torque tube, The correctims
applied (by addition) to the tunnel data were as follows:

Ao = 2,046 CLT - 0.266 €rp (in deg)

&>

Q
=

n

-0.0152 Cr,,
ACp = 0.0303 Cr,.°
ACyy = 0.0066 Cp,
Cp = KC

»

where CLT 1s the tetsl uncorrected 1lift coefficient,
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CLe is the uncorrected 1ift coefficient due to flap

deflection, and k 1s & constant dependent on the chord
of the overhang as follows:

cp/Cp k

Kadius | 0.0101

0.35 .Qo78

DISCUSSION
Lift

A summary of the 1ift psrameters CL, and (Gﬁ)CI

for the various flan configurations, as determined from
the 1ift curves found in figures % to 1l, is given in
table III. The effects of overhang, gap, and treiling-
edge angle were, in general, similar to the effects that
have been found in tests of two-dimensional models
(reference &), With the gap sealed, an increase in over-
heng had small and irregular effects on CLa and usually

increased (ag)C ; whereas, witn the gap open, an increase

od

in overhang reduced CLa and usually increased <a5)CL'
Both CIa and (aa)CL were incressed either by sealing

the gap or by reducing the trailing-edge angle.

A comparison of the lift-parameter values for the
tapered wing of the present investigation with the valaes
for the rectangular and elliptical plan forms of previous
investigations (references 1 and 2) showed that the effect
of the plan form on CLa and (aﬁ)CL is lrregular and

usually is small (fig. 15).

fdinge Moment

The curves of hinge-moment coefficient plotted against
angle of attack are shown in figures 3 to 1llL. The range
of angle of attack over which the flap showed a tendency
to oscillate is represented by the dashed portions of the
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curves, This oscillation resulted from an alternately
stelled and unstelled condition of the flap combined with
the action of the elastic torque rod, Similar oscillations
mey be encountered in flight when a flexible control
linkege is used,

The hinge-moment parameters for the various arrenge-
ments tested are given in table III. The tangent
ot o = 00 of the hinge-moment curve for & = 0° was
used to eveluste Cp,; wheress the difference in hinge-

moment coefficient at o = 0° bhetween 6 = 0° and 5°
was used to evagluate Cnge. Although measured at only one

point or over & small renge, the values of the parameters
ere useful in comparing the cherscteristics of the various
balances and trailing-edge-angle srrengements tested,

As has been found in tests of two-dimensional models
(reference 8), decressing the balence chord, decressing
the beveled -trailing-edge angle, end, in general, sealing
the grp a2t the flep nose made the values of Cha and Cha

become more negative (figs., 3 to 14). The effects of gap,
overheng, end treiling-edge angle on Cha and Ch6 are

summerized in figure 16,

The effects of the trailing-edge esngle on the incre-
ments of the hinge-moment paremeters produced by overhang
end by gap condition ere shown in figure 17, Increases
in the treiling-edge angle tended to decresse slightly
the effect of the overhang on Chﬁ but to increese the

effect on Cy . (See fig. 17(a).) A correlation, presented

in reference 9, of deta on several different airfoil sections
indiceted that both the increments ACha end ACh6

caused by given overhengs were very much smaller when the
trailing-edge angle wes large then when the trailing-edge
engle wes smell, The date shown in figure 17, however,
show an opposite effect on Acha from thst shown in

reference 9, A mutuel interference eppeers to exist
between the effect of the overhang and the effect of the
trailing-edge engle, which interference mey sccount in
part for the opposite effect on Acha shown in figure 17.
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The effect of the bevel on the overhang is to decrease the
effectiveness of the overhang because the bevel decreases the
negative pressure over the portion of the airfoilil cherd of the
flap hinge (reference 10). The break in the airfoll surface
shead of the overhang, however, creates & disturbance which
thickens the boundary laoyer at the tralling edge »nd thereby
increases the effcectiveness of the bevel; the gize and loca-
tion of the disturbance and thus its effect on the boundary-
layer thickness depends on the length ond shape of the over-
hang, The relative magnitude of the effects of the mutusl
interference of bevel and overhang on ACh, and OCpg will

depend on the particular model as well as on the treiling-
edge sngle., Figure 17(b) shows that ingresses in the
trailing-edge sngle increased the lncrements of Cha and

Ch6 caused by unsealling the gap.

Figure 18 shows a comparison of the effect on flap
hinge-moment coefficient of bevel and overhang when found
separately and in combination. ZExcept at large flap
deflections, the increments of hinge-moment coefficient
caused by the adlition of the effects of overhang and
bevel (each determined separately) were slightly different
from the increments caused by overhang and bevel tested in
combination. The difference indicates the small interfer-
ence, previously mentioned, of trailing-edge angle and
overhang.

A comparison of the hinge-moment parameter values for
the tapered wing of the present investigation with the
values for the rectangular and elliptical control surfaces
of previous investigations (references 1 and 2) showed
that, in general, the plan form has a small and incon-
sistent effect. (See fig. 15.)

Drag

Although the drag coefficients cannot be considered
absolute because of unknown tunnel effects, the relative
values may be independent of tunnel effects. The drag-
coefficient values as functions of angle of attack at
various flap deflections are shown in figures 3 to 1l4. 1In
figure 19 the dra. coefficient is plotted against the 1ift
coefficient with a = 00 and & varying from 0° to 30°
for the plain sealed flap with three different trailing-
edge angles. The drag coefficients were approximately the
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same for all these arrangements at small 1ift coefficlents
and flap deflections. At large flap deflections the 1lift
decreased with an increase of the trailing-edge angle for
approximately the same amount of drag.

Pitching Moment

The pitching-moment parameters Cin ) and (C,
CL,G Cr, L

(table TIII) indicate the position of the aerodynamic
center with respect to the 0.40c point of the root chord.
filhen the 1ift was varied by changing the angle of attack,
with the flap neutral, the asrodynamic center was located
at 0.28¢c £ 0.0%¢ for the various flap arrangements tested.
The aerodynamic center of 1ift due to flap deflection was
located at 0.58¢ % 0.0lc. In general, increasing the
angle at the tralling edge moved the aerodynamic centers
due to angle of attack and to flap deflection forward.
(sSee reference 11.)

Comparison of Calculated Values with Experimental
Values of Finite-Wing Characteristics

Table III presents the 1lift and hinge-moment parametsr
values as measured from section data for use in calculating
finite-span data, as measured from the present experimental
data, and as calculated for the finite tapered wing from
the section data. The section values for the plain flap
were obtained from reference 12; the values for the
elliptical-nose-overhang flap with the trailing-edge angle
of 11.1° were obtained %rom reference 8 and were corrected
for tunnel effects, before the finite-span parameters were
calculated, in a manner similar to the method presented
in reference 7. The wmedium nose referred to in
reference 8 had the same nose shape as the elliptical nose
tested in the present investigation. Since the section
data for the elliptical-nose-overhang flaps with trailing-
edge angles of 19.8° and 29,6° were not available, the
parameter values were obtained by the addition of the
increment caused by the effect of the overhang to the
values for the plain flap with beveled trailing edge; any
interference between the effects of trailing-edge angle
and the effects of overhang have therefore been neglected
in estimating the serodynamic section parameters.



NACA TN No, 1248 11

Lifting-line theory was used to calculate the 1lift
and hinge-moment parameters from section data according
to the methods suggested in references l and 8. The
Jones'! edge-velocity correction to the lifting-line theory
(reference %) was applied in the computation of CLa with

the substitution of walues for E for the elliptical plan
form of the same aspect ratio, where E is the ratio of the
semliperimeter to the span. The method developed in
reference 5 for use on a wing of elliptic plan form was
applied in calculating the 1ift snd hinge-moment parameters
according to lifting-surface theory.

In most cases, values of the 1lift parameters
(table IIT) and of the hinge-moment parameters (table IIT
and fig. 20) calculated by lifting-surface theory agreed
more closely with the measured values than did values
calculated by lifting~line theory with the Jones' edge-
velocity correction applied. Differences between the
measvred values of the 1ift and hinge-moment parameters
and values calculated by lifting-surface theory were, in
general, no greater than the differences noted in
figure 15 between the measured values for wings of the
same aspect ratio but with different chord distributions.
For the flap with overhang, lifting-line-theory calcu~
lations of the hinge-moment parameters showed almost as
good agreement with the measured values as lifting-surface-
theory calculations. It appears that lifting-surface
theory gives closer agreement between calculated and
meeasured values for Cha than for Cpge.

CONCLUSIONS

The results of the present tests in three-dimensional
flow of an NACA 0009 tapered semlispan wing and a comparison
with 1ift end hinge-moment parameters calculated from two-
dimensional-flow data of previous investigstions indicated
the following conclusions:

1, ™he effects of overhang, gap, and tralllng-edge
angle on 1ift and hinge-moment parameters were, in general,
similar to effects which previously had been found in tests
of two-dimensional models.
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2. Interference between trailing-edge angle and
overhang was indicated by the fact that the incremental
effects of the overhang on the hinge-moment parameters
varied as the trailing-edge angle was increased.

3. Differences between the measured values of the
1ift and hinge-moment varameters and values calculated
from two-dimensional data by lifting-surface theory were,
in general, no greater than the difference between the
measured values for wings of the same aspect ratio but
with different chord distributions.

Langley NMemorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., April 2, 1946
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Figure [4.-Aerodynamic characteristics of a
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Fig. 20a NACA TN No. 1248

004
_— '
- Chaﬂ §(Z:/ 1~ o
004 =
1 0005¢c gap__
-008 - o
Cﬁé‘ {A/ /
S o Measured
Q a Calculated from section dalal
> by lifting-line theory
R .004 o Calculaled From section data
S by lifting-surface theory
> _2
X 1
L - /A// o
e " ; —
=004 \ ==
~ —1 L —T1T "
-008 //i%//rsed’/ed lgqp__
Cpdf T commonaL ovsont

8 }“/2'/, 2/6 20/ p ZZ’ 28 72
railing-edge angle e
(@) Plajn ?/a,ag 77 g 7
Figure Z20.-Variation of Flap hinge-moment
parameters with trarling-edge angle ror
a tqpered semispan wing. 0.30c¢ 7lap; A=3.



NACA TN No. 1248 Fig. 20b

.008
/ﬂ
/ A
004 ///////E
=
g i e :
0 /‘////g/a ///j/ ~
/ e L~
Chg { T //?2/,/
11 |0005¢c gap
..004 / >
7] L—
S Chg {e//
Q
o Measured
N a Cqlcularted from section darta
S by lifting-line theory
o Calculareqd from seci/on dara
3 by lifting-sarface theory
S 004 =
0 e s
C {m/ | =1
Yo ( o=t | /4///‘6
Pl
- 0 0 4 — /%é ]
= R
hs B NATIONAL ADVISORY
- 008 I CO’?MITTEE. FOR AElRONAUT.ICS

% Tranng-cdge angle,p deg o F
-edge angle
, (b) 0.35 C,chVefg}?dﬂq.g P aed
fligure 20.-Coricluded.



